Abstract-Disparity may cause visual discomfort. Pairs of video sequences with different levels of parallax, both negative and positive, were presented together to the observers. The observers evaluated the cases in which visual discomfort occurred after visualizing the transition on each pair.
INTRODUCTION
Recent research in the field of audiovisual system carried out by research workgroup "Qualinet" and collected in Qualinet White Paper [1] defmes Quality of Experience (QoE) as the user's degree of delight or annoyance with an application or service. That is the main purpose of this paper, defining the QoE when observing a 3DTV content, considering the delight or annoyance in human eye. So, cases where the disparity between left and right view is in the limit of these two concepts have been analyzed when causing visual discomfort.
The work in Quality of Experience for stereoscopic contents could be referred to different research fields: i.e. analysis of disparity, distribution of parallax, motion, encoding process or artifacts detection. This work is specifically focused on the content generation and the quality offered in transitions with abrupt variations in the general disparity of the sequences.
Subjective assessment developed with real observers served as the basic methodology to evaluate different types of transitions after subjective assessment processes.
Applications in audiovisual systems where subjective assessment has been used are mUltiple, above all when it is difficult to find a reference as happens with tablets or smartphones [2] . In 3D stereoscopic television, subjective test are also available for evaluating visual discomfort and other artifacts related to human vision. In [3] , an overview describing the main topics relevant to comfort in viewing stereoscopic television is developed, analyzed after subjective tests, related to accommodation-vergence conflict, parallax distribution, binocular mismatches, depth, and cognitive inconsistencies. In [4] , it is reported that depth and motion are closely related in terms of calculating visual discomfort. And [5] offers a visual comfort model for detecting salient object's motion features in depth of field. Also, studies developed by Li and Barkowsky about visual discomfort in stereoscopic 3D video sequences, are included in [6] . An interesting subjective evaluation of visual discomfort is developed in [7] . Parallax limits, regions of comfort, screen size, and also disparity and viewing time are analyzed as main causes of visual discomfort.
Shang-Hyun also proposes perceptual maps for evaluating discomfort [8] .
After first experiences, collected in our previous research [9] , the study attempts to go further, widening our horizons, with more tests and in-depth tests. The added value derived from the tests developed on this paper lies on the analysis of a specific effect not previously analyzed or quantified in other subjective assessment included in the state-of-the-art, which is the consideration of disparity in objects through the picture and its variations in video transitions. The paper distinguishes cases where disparity and parallax changes may cause visual discomfort.
In the following text, we make an overview of the related studies collected in Section I. The defmition and description of SUbjective test are shown in Section II, presenting the conditions and settings. The sequences from the database used are described in Section III, the analysis of results appears in Section IV and in Section V a conclusion is reached.
II. SUBJECTIVE ASSESSMENT
Methodologies for the assessment of picture quality were The observers were placed at 2.S meters from the screen. It 
III. VIDEO DATABASE AND SESSIONS DESCRIPTION
Video sequences used for work development were mainly based on stereoscopic database by University of Nantes [12] .
Also, synthetic sequences specifically created for this work with specific parallax conditions were used for this study.
Professional software for 3D modelling allows obtaining effects of hyperstereoscopy. Finally, other sequences used came from different sources.
The advantage of using virtual cameras for creating synthetic sequences is that it helps to control disparity modifying the distance between left and right cameras, and position of the objects closer or further from the screen.
A session of twenty video sequences was presented to the observers in the subjective assessment tests. Each sequence was composed of two videos, and the users were asked to assess the visual effect provoked by the transition between them.
As mentioned, the method used for the tests was single stimulus (SS). The observers, in groups of four or five people, are presented each video of a duration between 10 and 30 seconds only once.
Next, the pairs of videos are collected in Table III, describing the reason why they were selected. Most of the cases, each transition represents a variation in type of disparity (mostly in negative parallax environment) in the same or in a different area of the image, with a higher or lower temporal entropy, corresponding to different motion levels.
The selection of videos generating transitions depends on the distribution of parallax and disparity related to position, amount of pixels and type of parallax. Hyperstereoscopy was considered when there are groups of pixels with negative parallax of at least 10 pixels of disparity. 
IV. ANAL YSIS OF RESULTS
Visual discomfort is considered for users scoring 1 or 2 value of MaS scale, and the rest of scores are considered of producing no visual discomfort.
The sequences, in which more than 40% of the sample complained about the content, were considered as conflictive, as occurred in sequences: 4, 12, 13, 16, 17 and 20. Also, other sequences whose result is over 20% of the sample have been also considered, as happens with sequences: 3, 11 or 18. These sequences are analyzed in next section, to decide which characteristics of these videos affects to human eye, producing visual discomfort.
It is necessary to understand the scale in Fig. 1 for the interpretation of diagrams of disparity in Fig. 2 to Fig. 6 . The shades of grey represent the negative parallax, and black would be the point when hyperstereoscopy occurs, i.e. in order to raise the 3D experience.
p<o p>o �<-------7) p=o �<------�> Fig. I . Scale of levels of parallax necessary to understand disparity diagrams 1) Sequence 12: Transition "Angel" to "Ladder" 2) Sequence 14: Transition "Spaceship" to "Astronaut" 3) Sequence 16: Transition "Station" to "ltaca3d" • Motion is a key element of production of visual discomfort, but it is not the only one. When it is combined with sequences with high negative parallax may generate visual discomfort.
• If the negative parallax in hyperstereoscopy is located in different parts of the sequences in the transition, visual discomfort appears less than when located in same areas.
• Fast variation of negative parallax is usually the main source of visual discomfort, especially when the transition is produced to a content with a completely different disparity diagram.
• Only hyperstereoscopy (i.e. pixels with negative parallax with disparities higher than 5) in the sequence is not 
